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In late 2016, U.S. Embassy personnel in Havana, Cuba, began to report the development of an unusual
set of symptoms and clinical signs. For some of these patients, their case began with the sudden onset
of a loud noise, perceived to have directional features, and accompanied by pain in one or both ears or
across a broad region of the head, and in some cases, a sensation of head pressure or vibration,
dizziness, followed in some cases by tinnitus, visual problems, vertigo, and cognitive difficulties. Other
personnel attached to the U.S. Consulate in Guangzhou, China, reported similar symptoms and signs
to varying degrees, beginning in the following year. As of June 2020, many of these personnel continue
to suffer from these and/or other health problems. Multiple hypotheses and mechanisms have been
proposed to explain these clinical cases, but evidence has been lacking, no hypothesis has been
proven, and the circumstances remain unclear.

The Department of State asked the National Academies to review the cases, their clinical features and
management, epidemiologic investigations, and scientific evidence in support of possible causes, and
advise on approaches for the investigation of potential future cases. In An Assessment of lllness in U.S.
Government Employees and Their Families at Overseas Embassies, the committee identifies distinctive
clinical features, considers possible causes, evaluates plausible mechanisms and rehabilitation efforts,
and offers recommendations for future planning and responses.
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The committee found the unusual presentation of acute, directional or location-specific early phase signs,
symptoms and observations reported by DOS employees to be consistent with the effects of directed, pulsed radio
frequency (RF) energy. Many of the chronic, nonspecific symptoms are also consistent with known RF effects,
such as dizziness, headache, fatigue, nausea, anxiety, cognitive deficits, and memory loss. Patient clinical
heterogeneity could be due to variability of exposure dosage conditions, differences in interpretation of non-
physiological vestibular stimuli, and anatomical differences that could influence individual exposure and/or
response.
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Overall, directed pulsed RF energy, especially in those with the distinct early manifestations, appears to be the
most plausible mechanism in explaining these cases among those that the committee considered, along with PPPD
as a secondary reinforcing mechanism, as well as the possible additive effects of psychological conditions.
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The absence of certain observed phenomena can also help to constrain potential RF source characteristics.
For example, the absence of reporting of a heating sensation or internal thermal damage may exclude certain types
of high-level RF energy.

There are multiple possible mechanisms for non-thermal RF biological effects, including apoptosis and
cell oxidative stress (Barnes and Greenebaum, 2018; Ilhan et al., 2004; Salford et al., 2003; Steiner and Ulrich,
1989; Zhao et al., 2007).RF-induced, non-thermal cell membrane dysfunction (Ramundo-Orlando, 2010) can
occur from coherent excitation (Frohlich, 1988) above 1 GHz due to a variety of effects including electroporation,
metabolic changes, pressure fluctuations, and voltage gated calcium channel disruption (Pall, 2013, 2016).
However, many of the cognitive, vestibular, and auditory effects observed in DOS personnel are most consistent
with modulated, or pulsed, RF biological effects.
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Pulsed RF effects on the nervous system can include changes to cognitive (D’ Andrea, 1999; Lai, 1994;
Tan et al., 2017), behavioral (D’ Andrea and Cobb, 1987), vestibular (Lebovitz, 1973), EEG during sleep
(Lustenberger et al., 2013), and auditory (Elder and Chou, 2003) function in animals and humans, though many
RF exposure characteristics (carrier frequency, pulse repetition frequency, orientation, power densities, duration of
exposure) complicate direct comparisons of different experiments (D’ Andrea et al., 2003).
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modulating the RF energy could produce a variety of effects including the perception of “buffeting of the
head” or pressure on the face/head without dizziness or nausea, a “pins and needles sensation,” and a sound
described as a “buzz, clicking, hiss, or knocking” within the head for RF frequencies between 0.4-3 GHz,
depending on pulse width, pulse-repetition frequency (PRF), and peak power density (Frey, 1962). These reported
symptoms are consistent with some of the first-person accounts provided to the committee.
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The potential for RF sources to stimulate the vestibular end organs via thermoelastic pressure waves (see
Appendix C) or to excite central nervous system pathways via transduction akin to the Frey effect is not known.
However, if these effects exist, this unusual form of vestibular stimulation could lead to very confusing
perceptions, as central vestibular pathways do their best to resolve the non-physiological pattern of end organ
stimulation resulting in perceptions of physically impossible motions, unexpected reflexive postural responses to
them, and faulty inferences about external forces causing them.
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Recommendation 3-A. If research or assessments support the possibility of radio frequency (RF) energy as a cause
of illness experienced by some of its employees, the Department of State should train and equip employees with
the capability to measure and characterize their exposure to RF energy in real time should the need arise in the
future.
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